Objective: To determine the efficacy of using same-size donor grafts for keratoconus patients with axial myopia.
P enetrating keratoplasty (PKP) for keratoconus is a proven procedure in the treatment of the disease, with one of the best postsurgical results yielded among corneal disorders with indications for keratoplasty. 1 A long-term study of 198 eyes followed for up to 20 years reported a 5-year graft survival rate of 97%. 2 Even with graft rejection reported between 20% and 30%, the condition can be controlled with topical and systemic steroids with such success that recent studies have suggested early surgical intervention in keratoconus. 3, 4 Keratoplasty for keratoconus has now reached the stage where the objective of surgery is not only to achieve a clear graft but to produce an optically functional graft that offers minimal refractive errors. Oversized donors tend to produce a myopic shift that is significantly greater than same-size donors. [5] [6] [7] Although not considered a refractive surgical procedure, efforts have been made to reduce postoperative myopia by manipulating the donor cornea size, by using either samesize donors [8] [9] [10] or donors 0.25 mm smaller than the host.
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Cauterization of the host cornea before trephination is another method advocated to reduce postoperative myopia, mainly by reducing anterior chamber depth following PKP.
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After a preliminary trial of using same-size donors for keratoconus patients, we felt that a standardized protocol would be helpful in deciding which size cornea to use based on clinical measurements. Because axial length is a prominent factor in determining postoperative refraction, we adopted a study protocol of using same-size donors in patients with a preoperative visual axis longer than 24.5 mm. We then started a prospective case series of consecutive keratoconus patients operated by 3 experienced surgeons in our institute. In this paper, we present the results of the study spanning over 9 years, with emphasis on postoperative refraction and complications observed during the course of the study.
METHODS
One hundred forty-two eyes of 136 consecutive keratoconus patients were prospectively enrolled in the study. Patients consisted of 106 men and 30 women, with a mean age of 28.9 years (range 11 to 53 years) at the time of surgery. PKP was performed by 3 surgeons (S.S, J.S., and K.T.) between August 1993 and December 2000. Criteria for surgery included intolerance of contact lens and a corrected visual acuity of less than 0.5.
Pupils were constricted before surgery by 3 repeated applications of topical 3% pilocarpine. Following retrobulbar anesthesia using 2% xylocaine, pressure was applied to the globe for 15 minutes to reduce vitreous pressure. Diluted (100×) povidone iodide was used for sterilization of the ocular surface, followed by sterilized disposable draping. Recipient corneas were excised using the Hessburg-Barron vacuum trephines (Katena Products, Denville, NJ) at a diameter of 7.5 mm. Donor corneas were prepared with the Barron donor punch (Katena Products) from the endothelial side according to the following protocol: same-size donors for eyes with an axial length longer than 24.50 mm, and 0.25-mm-oversized grafts for eyes shorter than 24.49 mm. A single continuous running suture with 10-0 nylon was performed (24 bites), and any preplaced sutures were removed following completion of the running suture. Astigmatism was adjusted with suturing forceps using an LED guide attached to the surgical microscope (Varitronics Inc, Broomall, PA) at the end of surgery.
Patients were given topical levofloxacin (Cravit, Santen Pharmaceuticals, Osaka, Japan) and topical dexamethasone (Sanbetasone, Santen Pharmaceuticals, Osaka, Japan) 5 times a day postoperatively. No systemic steroids or immunosuppressants were used. Patients were clinically followed by the operative surgeon, and astigmatic adjustment of sutures was performed for up to 3 months if astigmatism exceeded 3.0 D. [13] [14] [15] Following the immediate postoperative period, patients were followed at 2-to 3-month intervals. As a principle, sutures were not removed unless broken or loosened to the extent that inflammation was observed clinically. Although suture removal is known to cause a change in refraction, all refractive data were taken irrespective of whether the sutures were removed or not. All data used for analysis were taken at least 6 months following surgery.
RESULTS
Of the 142 consecutive eyes operated, 123 eyes were operated according to protocol. Eleven eyes received same-size donor grafts despite axial lengths of less than 24.49 mm, and 8 eyes with long axial length (>24.50 mm) were transplanted with oversized grafts. Protocol was not observed when the fellow eye was myopic without clinical signs of keratoconus or if the fellow eye had previously been operated before the study using an oversized graft. The average follow-up period was 39.4 months (range 6.7 to 110.1 months), and 31 eyes dropped out of follow-up before 1 year.
The average postoperative spherical equivalent (SE) on last visit (at least 6 months after surgery) was −3.94 ± 3.21 D, with an average uncorrected visual acuity of 0.28 (0.90 average corrected). Individual SE plotted against preoperative axial length is shown in Fig. 1 . Eyes of patients who had bilateral surgery were plotted separately. Axial length in this series ranged between 22.62 and 29.33 mm, with an average of 25.52 ± 1.33 mm. Postoperative SE correlated inversely (r = 0.46) with preoperative axial length expressed by the equation SE = −0.15 (AXL) 2 + 6.40 (AXL) − 71.82. Analysis was done by linear regression analysis using the StatView software version 5.0 for the Macintosh (SAS institute, Cary, NC). Thirty-four eyes (27.6%) were within ±1.5 D of emmetropia. Table 1 shows the shift observed in SE, manifest astigmatism, uncorrected visual acuity, and best corrected visual acuity at 1 month, 3 months, 6 months, and 1 year following surgery. Contact lens was the choice for correction in 31 out of 123 eyes.
For reference, eyes that were not operated according to protocol were also plotted by spherical equivalent against preoperative axial length (Figs. 2 and 3 ). As expected, short eyes (<24.49 mm) grafted with same-size donors had the best average postoperative SE, with an average uncorrected visual acuity of 0.49 (0.97 corrected). However, approximately half of the eyes became hyperopic. On the other hand, long eyes (>24.50 mm) with oversized grafts showed a larger scatter in refraction ranging between −12.0 D and +2.0 D, with an average uncorrected visual acuity of 0.21 (0.56 corrected).
Planned suture removal was not part of the study protocol. However, sutures were removed during the postoperative course when substantial loosening was observed or if the suture broke. As a result, 55 out of the 123 eyes (44.7%) had sutures removed during follow-up. However, there was no statistical difference in SE in eyes with suture removed (−3.67 D) and eyes with intact sutures (−4.17). Figure 4shows SE plotted against preoperative axial length when eyes were divided into groups according to suture status.
Overall graft survival was excellent, with graft rejection observed in 7 eyes (5.7%), which were all successfully treated by topical and systemic steroids. No eyes to date have required a second transplantation. Transient ocular hypertension was 
DISCUSSION
The results of our prospective study support previous reports showing that reducing donor size is a viable method to reduce postoperative myopia. [5] [6] [7] These studies have proven through comparative studies that myopic spherical equivalent is significantly less when keratoplasty is performed with samesize donors. This is because of the difference in keratometric readings of the cornea, which is greater with oversized grafts, accounting for the myopic shift. 6, 16 Because axial length is the single greatest factor that determines the final refraction of the eye, shorter eyes would theoretically not require same-size donors to prevent myopia. We therefore adapted a protocol of using same-size donors in patients with preoperative axial lengths of greater than 24.50 mm. After following these keratoconus patients for up to 9 years, we have not encountered any side effects that may be associated with donor button size.
Keratoplasty resulting in keratoconus is also affected by the severity of the disease, where extensive thinning of the mid-to peripheral cornea influences postoperative curvature. One study has attempted to determine donor size according to videokeratoscopic values of the peripheral cornea. 9 The study suggested that using same-size donors in recipients with steep midperipheral corneas is effective in reducing postoperative myopic shift. Although we have not included keratometry readings as a parameter in our study, some of the variance observed in the postoperative SE may be caused by excessive thinning of the peripheral recipient bed.
Another factor that influences postoperative corneal curvature is the various suturing techniques used in keratoplasty. Our study protocol strictly used a single running 10-0 nylon suture that was left in place indefinitely, unless the suture broke or become excessively loose. Planned suture removal was not done because the presence of the single running suture was vital in reducing postoperative astigmatism. Our preferred method for astigmatism control is by adjusting the tension exerted by the suture along the circumference of the graft, 15 which can be effective only with an intact single running suture. Whether sutures should be removed after a certain period is a debated issue because suture complications are associated with immunologic rejection and microbial infection.
17-19
When we retrospectively examined suture status in our patients operated under protocol, 55 of the 123 eyes (44.7%) had sutures removed because of loosening or breakage. However, SE in eyes after suture removal was not significantly different from eyes with intact sutures. This may suggest that suture removal has less effect when same-size donors are used. Although suture technique may be the greatest cause of variance in our results, this does not negate the general trend observed in view of the correlation observed in Fig. 1 . We found that there is a limit to the amount of myopia that can be compensated with same-size grafts, especially in eyes with a very long axis. It may be argued that using posterior axial length, or vitreous cavity length, may be a more precise parameter because total axial length includes deep anterior chambers caused by protruding cones. On the other hand, although our protocol dictated an oversized graft in shorter eyes (<24.49 mm), using same-size donors for all keratoconus patients may be a reasonable choice. A hyperopic trend was observed in the 11 nonprotocol cases with short eyes and same-size grafts. This may be considered acceptable compared to the range of error observed in postoperative SE. Using donors that are smaller than the host is also reported to be effective in reducing high mypoia. 11, 20 However, there may be a higher incidence of wound leakage with undersized grafts, and the chance of hyperopic residual refraction may be higher than with same-size grafts. Among patients with residual myopia, 32 patients have chosen to use contact lenses. Transplanting a same-size donor was not a major problem with contact lens prescription, and a soft contact lens offered satisfactory vision in patients with little astigmatism. Corneal curvature was also not a problem for 2 patients who opted for LASIK as a means to reduce residual myopia. LASIK will probably become more popular for postkeratoplasty myopia, and reducing as much of the residual myopia as possible should benefit LASIK candidates with borderline pachymetry readings.
There were no complications observed that were related to transplanting same-size donors. Theoretically, smaller grafts may cause postoperative glaucoma, and the occurrence of transient ocular hypertension was higher in our study than has been reported in the past. 21 The difference may be related to race (pigmented iris) or to the extended use of corticosteroid eye drops. Only 2 eyes developed clinical glaucoma that required surgical intervention to control IOP. Although oversized grafts are reported to prevent glaucoma following PKP in aphakic eyes, no difference was observed in the phakic state. 22 Therefore, using a same-size donor is not likely related to the incidence of ocular hypertension observed in our study.
Refraction following keratoplasty for keratoconus is difficult to control by surgical maneuvers alone. Although residual myopia cannot be avoided in some cases, our results show that transplanting same-size donors in eyes with a long visual axis is a relatively predictable and safe method to reduce postoperative myopia.
